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ANALYSIS O F  AN INTERPLANETARY TRAJECTORY TARGETING TECHNIQUE 
WITH APPLICATION TO A 1975 VENUS FLYBY MISSION 
BY 
Bobby El l i son  
ABSTRACT 
A t r a j e c t o r y  technique is  discussed t h a t ,  when sys temat ica l ly  
appl ied ,  enables  the  t r a j e c t o r y  ana lys t  t o  o b t a i n  a continuous,  f ree-  
f l i g h t  i n t eg ra t ed  t r a j e c t o r y  from plane t  A t o  a des i r ed  t a r g e t  p lane t  C 
v i a  some intermediate  t a r g e t  p lane t  B. Bas ica l ly ,  t he  scheme def ines  
t a r g e t i n g  parameters a t  t he  intermediate  p l ane t  B i n  terms of  the  des i r ed  
va lues  a t  p l ane t  C. This allows an a c t u a l  search  between p l ane t s  A and 
B, whi le ,  i n  r e a l i t y ,  a t a rge t ing  a t  p lane t  C i s  tak ing  place.  An 
app l i ca t ion  of t h i s  t a rge t ing  technique t o  a Venus f lyby t r a j e c t o r y ,  
i .e.,  A = Earth,  B = Venus, C = Earth,  i s  descr ibed i n  t h i s  r epor t .  
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TECHNICAL MEMORANDUM X-53434 
ANALYSIS OF AN INTERPLANETARY TRAJECTORY TARGETING TECHNIQUE 
WITH APPLICATION TO A 1975 VENUS FLYBY MISSION 
SUMMARY 
A t r a j e c t o r y  technique i s  discussed t h a t ,  when sys temat ica l ly  appl ied ,  
enables  the t r a j e c t o r y  ana lys t  t o  ob ta in  a continuous,  f r e e - f l i g h t  i n t e -  
gra ted  t r a j e c t o r y  from plane t  A t o  a des i red  t a r g e t  p l ane t  C v i a  some 
intermediate  t a r g e t  p lane t  B. Bas ica l ly ,  the  scheme def ines  t a rge t ing  
parameters a t  t h e  intermediate  p lane t  B i n  terms of  t he  des i red  va lues  
a t  p l ane t  C. This allows an a c t u a l  search between p l ane t s  A and B,  
whi le ,  i n  r e a l i t y ,  a t a r g e t i n g  a t  p lane t  C i s  tak ing  place.  An app l i -  
c a t i o n  of  t h i s  t a rge t ing  technique t o  a Venus f lyby t r a j e c t o r y ,  i . e . ,  
A Earth,  B Venus, C = Earth,  i s  described i n  t h i s  r epor t .  
I. INTRODUCTION 
The in t e rp l ane ta ry  t r a j e c t o r i e s  of i n t e r e s t  here  are the  f lyby and 
swingby type t r a j e c t o r i e s .  These t r a j e c t o r i e s ,  i n  genera l ,  depar t  from 
plane t  A, pass c lose  by and are perturbed by an  intermediate  p lane t  B,  
and arrive a t  a t a r g e t  p lane t  C. 
uses  a l i n e a r  search rou t ine ,  bu t  a l i n e a r  search  between p lane ts  A and 
C i s  not  p r a c t i c a l  because of  the  per turba t ion  of t he  t r a j e c t o r y  by 
p lane t  B. Hand per turba t ions  of  the  independent parameters a t  p lane t  A 
are i n e f f e c t i v e  i n  ad jus t ing  t a r g e t  parameters a t  C. The t a r g e t i n g  
technique presented here  w i l l  al low t a r g e t  parameters a t  p lane t  B t o  
be def ined such t h a t  a t a rge t ing  a t  C w i l l  occur. This allows the  use 
o f  t he  present  JPL l i n e a r  search rou t ine  t o  be used f o r  t a r g e t i n g  a t  
p lane t  B. 
The JPL Space Tra j ec to r i e s  Program* 
The t a r g e t i n g  technique is  appl ied t o  the  1975 Venus conjunction 
f lyby  mission where A = Earth,  B = Venus, and C = Earth. 
* This JPL computer program is  a high accuracy program employing e i t h e r  
Encke's o r  Cowell's method of  i n t e g r a t i o n  as des i red .  It uses  p rec i s ion  
ephemerides as descr ibed by JF% Technical Release No. 34-239 and an  
o b l a t e  e a r t h  p o t e n t i a l  func t ion  containing the  second, t h i r d ,  and fou r th  
sphe r i ca l  harmonics. Grav i t a t iona l  e f f e c t s  of  Sun, Venus, Earth,  Moon, 
Mars, and J u p i t e r  are considered. This program i s  descr ibed i n  d e t a i l  
i n  JPL Technical Report No. 32-223.  
11. TARGETING TECHNIQUE 
Flyby o r  swingby in t e rp l ane ta ry  t r a j e c t o r i e s  depart  from p lane t  A*, 
pass c lose  by an intermediate  p lane t  B*, and arrive a t  a t a r g e t  p lane t  W. 
I f  A C ,  the  t r a j e c t o r y  is  ca l l ed  a B f lyby t r a j e c t o r y ,  and i f  A # C,  
the  t r a j e c t o r y  i s  c a l l e d  a B swingby t r a j ec to ry .  Figure 1 shows a t y p i c a l  
Venus f lyby t r a j e c t o r y  where A = Earth,  B = Venus, and C = Earth. 
Knowing the  r e l a t i o n  between the  p lane ts  of  i n t e r e s t  (da t e s ,  he l io-  
c e n t r i c  longi tude,  e t c . )  and t h e  approximate t r i p  times from A t o  B and 
B t o  C,  we  can e a s i l y  f ind  the  flyby o r  swingby t r a j e c t o r i e s  by two-body 
approximating conic programs [ 6 ,  71. Using the  conic program, we de t e r -  
mine the  f lyby  o r  swingby t r a j e c t o r i e s  by analyzing groups of  A t o  B 
t r a j e c t o r i e s  and B t o  C t r a j e c t o r i e s .  The condi t ions necessary a t  B 
t o  insure  a f lyby o r  swingby t r a j e c t o r y  are as follows: (1) the  time 
o f  arr ival  a t  B from the  A t o  B t r a j e c t o r y  must equal  the depar t  t i m e  
f o r  t he  B t o  C t r a j e c t o r y  and (2 )  the  arr ival  hyperbolic excess v e l o c i t y  
magnitude from the  A t o  B t r a j e c t o r y  a t  B must equal the  depar t  hyper- 
b o l i c  excess v e l o c i t y  magnitude f o r  the  B t o  C t r a j e c t o r y .  With these  
condi t ions m e t ,  the  angle between the a r r i v a l  hyperbolic excess v e l o c i t y  
vec tor  and the  depar t  hyperbolic excess ve loc i ty  vec to r ,  which i s  the  
bend angle ,  determines the  rad ius  o f  c l o s e s t  approach (RCA) a t  B. With 
condi t ions (1) and (2) m e t  a t  B ,  the  t r a j e c t o r y  from A t o  B i s  s a i d  t o  
be merged wi th  the  t r a j e c t o r y  from B t o  C ,  thus  y i e ld ing  a f lyby o r  
swingby t r a j e c t o r y .  Reference 6 descr ibes  a program which has the  above 
condi t ions automated, and the s e l e c t i o n  of RCA i s  l e f t  f o r  t he  ana lys t .  
Venus swingby t r a j e c t o r y  oppor tuni t ies  with r e spec t  t o  Earth-Mars and 
Mars-Earth t r a j e c t o r i e s  can be found i n  References 2 and 9 and f lyby  
t r a j e c t o r i e s  t o  Mars and Venus can be found by using References 8 and 10. 
I 
Two-body approximat.ing conic  t r a j e c t o r i e s  are good f o r  preliminary 
ana lys i s .  However, f o r  d e t a i l  mission ana lys i s  where communication 
d i s t ances ,  communication angles ,  t rack ing  requirements,  and poin t  by 
poin t  t i m e  h i s t o r i e s  are needed, a p rec i s ion  in tegra ted  t r a j e c t o r y  
becomes necessary.  Here, i n  p a r t i c u l a r ,  the  nominal o r  re ference  f r e e  
f l i g h t  t r a j e c t o r y  i s  of  importance. 
The JPL Space Tra jec tory  Program [3,  51 is  used t o  determine the  
I in tegra ted  f lyby o r  swingby t r a j e c t o r y .  A s  p re sen t ly  used, the  JPT., pro- gram employs a t a rge t ing  method which provides the c a p a b i l i t y  of f ind ing  
A t o  B type t r a j e c t o r i e s .  
method w i l l  be discussed b r i e f l y .  
To c l a r i f y  terminology, the  JPL t a r g e t i n g  
* A, B ,  and C are used t o  r e f e r  t o  p lane t  A, p lane t  B ,  and p lane t  C y  
respec t ive ly .  
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The JPL t r a j e c t o r y  ta rge t ing  method is the  N x N Newton-Raphson 
scheme a s  defined i n  Reference 5. I n  t h i s  scheme, a nominal t r a j e c t o r y  
t o  B, usua l ly  using conditions from approximating conic t r a j e c t o r i e s ,  
i s  made t o  e s t a b l i s h  a column mat r ix  of m i s s  components, P. The N2 
par t ia l s  a r e  obtained by N perturbed t r a j e c t o r i e s  and d i f fe renc ing .  
Having obtained a mat r ix  M of par t ia l s ,  the search  rou t ine  solves  the 
equation 
t o  obta in  incremental condi t ions,  as represented by the  column matr ix  AX, 
a t  A t o  n u l l  the m i s s  components a t  B. The p a r t i a l s  found by d i f fe renc ing  
a r e  used f o r  th ree  i t e r a t i o n s  and then a r e  recomputed. This procedure is 
repeated u n t i l  the  m i s s  components a r e  dr iven t o  zero o r  wi th in  some 
convergence tolerance.  
The m i s s  components a r e  the d i f fe rences  between the  desired dependent 
va r i ab le s  a t  B and the values obtained i n  the nominal t r a j ec to ry .  The 
dependent va r i ab le s  a r e  usual ly  the  two components of the  impact parameter 
E and the  time of f l i g h t ,  TF, from A t o  B o r  hyperbolic excess ve loc i ty ,  
VH, on a r r i v a l  a t  B. 
known as the  JPL ta rge t ing  system [5] o r  the  BOT,  B-R  system. 
The two components of theAimeaEt parameter a r e  
- A  - A  
The B O T ,  B * R  t a r g e t  system a s  used i n  tke  JPL Space Trajectory Program 
[3] w i l l  be described. In  Figures 2 and 3 ,  S is a u n i t  vector  p a r a l l e l  t o  
the  incomiEg asymptote referenced t o  the center  of t a r g e t  o r  p lane t  of 
i n t e r e s t ,  T i s  a u n i t  vec tor  p a r a l l e l  t o  o r  lying i n  the plane of in teEes t  
( e c l i p t i c  plane,  ea r th ' s  equator ia l  planeA e tc . )  and perpendicular t o  S, 
and $ completes the orthogonal system e,  S, and 2. l i e s  i n  
the R - T plane and perpendicular t o  the approach asymptote (see Figures 
2 and 4). has the magnitude of the semi-major a x i s ,  b, of the approach 
hypeEbzla. I n  Figure 5, looking a t  the a ; ? plane, we see  t h a t  i - R  and 
and B O T  a r e  the  project ions of 
The vec tor  
on fi and T, respec t ive ly .  
I n j e c t i o n  conditions a t  A a r e  usua l ly  r e fe r r ed  to  as the  independent 
va r i ab le s  f o r  the search procedure. These independent va r i ab le s  as used 
here  a r e  (1) TL, launch time of day which, i n  conjunction wi th  a spec i f i ed  
e a r t h  launch azimuth, e s t ab l i shes  a s p e c i f i c  departure  o r b i t ,  (2)  TCO, 
the departure  poin t  o r  coast ing time i n  the spec i f i ed  e a r t h  o r b i t ,  and 
(3) TBU, the thrus t ing  time of the  e a r t h  escape maneuver. 
va r i ab le s  i * T ,  B-R ,  VH, the  elements i n  equation (Ty'become 
Now usi2g fh? independent va r i ab le s  TL, TCO, and the  dependent 
3 
M =  
- 
P =  
a t  p lane t  A 
a t  p lane t  B 
The procedure f o r  obtaining these values  i s  as described above. 
Since the  f lyby  o r  swingby t r a j e c t o r y  is  hyperbolic about B, the  
set  of dependent va r i ab le s  above a r e  l i n e a r  f o r  reasonable per turba t ions  
of the independent va r i ab le s .  This l i n e a r i t y  a r i s e s  from the  f a c t  t h a t ,  
wi th  small per turba t ions  of the independent va r i ab le s  a t  A, the  hyperbol ic  
excess v e l o c i t y  vec tor  is t r ans l a t ed  and not  ro t a t ed  a t  p lane t  B [5]. 
4 
After  f ind ing  the des i red  conditions a t  p lane t  B, as spec i f i ed  from 
the  approximating conic condi t ions,  the  t r a j e c t o r y  is  allowed t o  continue 
by B, and i t s  r e l a t ionsh ip  t o  p lane t  C is observed. From Reference 10 
and from experience i n  obtaining f lyby t r a j e c t o r i e s ,  the  f i r s t  t r y  usua l ly  
has a l a rge  RCA a t  C (approximately 6 x l o 6  km f o r  Venus f lyby and Mars 
f lyby t r a j e c t o r i e s  where C = Earth).  
B t o  reduce the  RCA a t  C by using var ious cu rve - f i t t i ng  schemes and manual 
per turba t ions  of independent va r i ab le s  a t  A y i e ld  t r a j e c t o r i e s  which 
r e t u r n  t o  C wikh f i r s t  order  of magnitude improvements (3 x l o 5  km f o r  
Venus f lyby and Mars f lyby t r a j e c t o r i e s  where C = Earth).  
Attempts t o  move the  conditions a t  
Reference 4 has shown t h a t  the  e f f e c t s  a t  C from e r r o r s  occurring 
i n  hyperbolic excess v e l o c i t y  (VH), r i g h t  ascension (a) and dec l ina t ion  
( 6 )  of the  incoming asymptote, and time of f l i g h t  from A t o  B (TA-B) a t  
B a s e  smailAin comparison t o  e r r o r s  i n  the  impact parameter components 
( B O T  and B*R)  a t  B. Targeting a t  C from f lyby or swingby conditions a t  
B w i l l  be described i n  terms of the  impact parameter components a t  B and 
C. The e f f e c t s  of small per turba t ions  i n  the  impact parameter components 
a t  B on the impact parameter component a t  C must 'be found and used i n  a 
manner t o  obta in  desired changes a t  B t o  n u l l  the  e r r o r s  i n  the impact 
parameter components a t  C ,  thus ta rge t ing  the  t r a j e c t o r y  a t  C. 
Reference 4, the v a r i a t i o n  i n  impact parameter components a t  B and t h e i r  
e f f e c t s  on t a r g e t  parameters a t  C a r e  given by the  R matrix:  
From 
R =  
a i  9, aii ?c 
** 
By knowing the R matr ix ,  changes i n  impact parameter components a t  
B produce assoc ia ted  changes i n  impac t  parameter components a t  C. 
** Subscripts  B and C i nd ica t e  p lane t  B and C, respec t ive ly .  
5 
.. 
However, the desired conditions a t  C a r e  known and the  conditions a t  B 
a r e  desired i n  order t o  t a r g e t  the flyby or  swingby t r a j e c t o r y  a t  B. 
..+ 
Using equations (7) and (l), and the Rmat r ix ,  we can f ind  the  
desired changes i n  impact parameter components a t  C, and f i n a l l y  the  
needed changes i n  impact components a t  B. The process f o r  f inding the  
(1) convergence t o  the  desired condi t ions a t  C o r  (2) t h a t  the  des i red  
changes a t  B f a l l  wi th in  a convergence tolerance.  
bes t"  t r a j e c t o r y  is  an i t e r a t i v e  process. "Best" i s  used t o  mean I t  
Figure 6 shows a s impl i f ied  log ic  flow diagram of the  above procedure 
f o r  obtaining t a rge t ing  a t  C using the  JPL Space Trajectory Program. 
I n  the  next s ec t ion ,  the  ta rge t ing  technique i s  used t o  obta in  a 
f lyby t r a j e c t o r y  where A = Earth,  B = Venus and C = Earth. Only the  
t a rge t ing  technique from B t o  C w i l l  be discussed i n  d e t a i l ,  s ince  
adequate documentation of the JPL ta rge t ing  method is  found i n  References 
3, 5, and 10. 
111. VENUS FLYBY TRAJECTORY 
I n  phase I of the  Manned Venus/Mars Flyby Study [ lo ] ,  minimum 
weight i n  ea r th -o rb i t  m i s s  ions f o r  var ious Venus conjunctions a r e  
presented. The minimum weight i n  Ear th  o r b i t  mission f o r  the  1975 
Venus conjunction was  se lec ted  from Reference 10 to  i l l u s t r a t e  the  
t a rge t ing  technique where A = Earth,  B = Venus, and C = Earth and to  
provide a re ference  t r a j e c t o r y  f o r  phase I1 of the  Manned Venus/Mars 
Flyby Study f o r  the  1975 Venus conjunction. 
Using the  two-body conic program t o  e s t a b l i s h  a preliminary t r a j e c -  
tory,  a t r a j e c t o r y  having the  c h a r a c t e r i s t i c s  given i n  Table 1 was chosen. 
This is a f r e e  f l i g h t  t r a j e c t o r y  which depar t s  Ear th  (A) on June 7, 1975, 
passes Venus (B) on October 2, 1975, and r e tu rns  t o  Ear th  (C) on June 7, 
1976, f o r  a t o t a l  t r i p  time of 366.4 days. A typ ica l  1975 Venus t r a j e c -  
to ry  is shown i n  Figure 1. 
I 6 
The cozic  a r r Jva l  and depart  conditions a t  Venus were used t o  es tab-  
l i s h  the E.Tk E - R  and VH fo r  the  i n i t i a l  dependent search parameters. 
The JPL t r a j e c t o r y  t a rge t ing  method was used with the independent search 
parameters, TL, TCo, and TBU. A converged t r a j e c t o r y  from Earth was 
obtained. This t r a j e c t o r y  was allowed t o  continue p a s t  Venus and t o  
r e tu rn  toward the Earth. The RCA a t  Earth r e t u r n  was 5,696,092 km. 
Conditions on t h i s  f i r s t  pass t r a j e c t o r y  a r e  given i n  Table 2, Column 1. 
0' Q Q 
The perturbed t r a j e c t o r i e s  were found using the  same procedure a s  
discussed above cnd a r e  tabulated i n  Table 2, Columns 2 and 3. With 
these condi t ions,  the R matr ix  was computed and is  tabulated i n  Table 2B 
a s  F i r s t  R Matrix. Using t h i s  R matr ix  and equation (7) of Section 11, 
the  and G-R were ca lcu la ted  and a r e  shown i n  Table 2, Column 4. 
(Note: Desired = 13430 km and = 50 km.) With a new E=?Q and 
g-GQ, a t r a j e c t o r y  was found a s  shown i n  Table 2, Column 5 where the RCA 
a t  Earth i s  687,691 km. This procedure continued f o r  two more i t e r a t i o n s  
a s  seen i n  Table 2. A new R matr ix  was then ca lcu la ted  (Table 2B, Second 
R Matrix) and used f o r  one i t e r a t i o n  (Table 2A, Column 5) .  This t r a j e c -  
to ry ,  Table 2A, Column 5,  yielded a Table 2A, Column 6, 
l e s s  than the convergence tolerance of 1.5 km used i n  the JPL Space 
Tra j ec to r i e s  Program [3].  
d e t a i l .  
9 9 
- 
and d o f f  ? 9' 
The "best" t r a j e c t o r y  was then pr inted i n  
The conic t r a j e c t o r y  and in tegra ted  t r a j e c t o r y  a r e  compared i n  
Table 1. The hyperbolic exckss v e l o c i t i e s  leaving Earth,  a r r i v i n g  and 
depart ing Venus, and a r r i v i n g  Earth a r e  i n  c lose  agreement. 
ment confirms that conic approximation assumptions used i n  ca lcu la t ing  
weight i n  Earth o r b i t  of Reference 10 a r e  va l id .  
This agree- 
For purposes of communication between the  spacecraf t  and Earth,  f o r  
the  1975 Venus flyby t r a j e c t o r y ,  Figures 7 ,  8,  and 9 show the pe r t inen t  
communication angle and d is tances  from Earth and Venus,. 
d'istance from Earth of 117,360,440 km occurs 190 days a f t e r  i n j ec t ion .  
A maximum 
Table 3 is a tabula t ion  of the  th rus t ing  t r a j e c t o r y  f o r  the Earth 
escape maneuver. 
5-2 engines a r e  used i n  the Earth escape s t age  f o r  the minimum weight 
Venus mission dur ing  the 1975 conjunction. Thrusting is along the 
veh ic l e ' s  longi tudina l  ax i s  and i n  the  plane of motion. 
s t a r t s  from a 485 km o r b i t  on June 7 ,  1975 a t  6 hours, 49 minutes, and 
27.591 seconds pas t  midnight, GMT. 
The i n i t i a l  weight i s  based on Reference 10 where two 
This t r a j e c t o r y  
The 485 km Earth o r b i t  was chosen 
* ^T is referenced t o  Earth equa to r i a l  plane. Subscripts 9 and @ r e f e r  
t o  Venus and Earth,  respec t ive ly .  
7 
f o r  i t s  rendezvous and l i f e t i m e  c h a r a c t e r i s t i c s ,  both of which are 
important f o r  manned missions involving e a r t h  o r b i t a l  operat ion.  
Figure 10 i l l u s t r a t e s  the  coordinate  systems used i n  the  t r a j e c t o r y  
tabula t ions .  
Table 4 i s  a l i s t i n g  of var ious t r a j e c t o r y  parameters f o r  the Venus 
f lyby t r a j ec to ry .  
Depart, (2) Hel iocent r ic  Earth-Venus, (3)  Aphrodiocentric, (4)  Hel iocent r ic  
Venus-Earth, and (5) Earth Return. After  a t h r u s t i n g  period of 393.6 
seconds (Table 3) ,  the  spacecraf t  reaches mission i n j e c t i o n  on June 7,  
1965, a t  6 hours,  56 minutes,  and 1.192 seconds, GMT, with a hyperbolic 
excess ve loc i ty  of . lo91 EMOS. The time from i n j e c t i o n  t o  pe r i cen te r  
passage a t  Venus is  116 days, 0 hours, 34 minutes, and 29.06 seconds. 
The t r a j e c t o r y  is  tabulated i n  f i v e  phases: (1) Earth 
The t r a j e c t o r y  passes Venus with an RCA of 6354.2 km on October 1, 
1975, a t  7 hours,  30 minutes,  and 30.252 seconds, GMT, and r e tu rns  t o  a 
geocentr ic  rad ius  o f  9717.2 km with a hyperbolic excess v e l o c i t y  of 
.2544 EMOS on June 7,  1976 a t  4 hours,  58 minutes, and 27.824 seconds, 
G'MT. A t o t a l  mission t r i p  t i m e  of  365 days, 22 hours,  2 minutes,  and 
26.6 seconds is  required.  
CONCLUSIONS 
The t a rge t ing  technique presented here  provides a means whereby 
accura te  in tegra ted  re ference  t r a j e c t o r i e s  f o r  f lyby o r  swingby missions 
can be obtained. For the  Venus swingby i l l u s t r a t i o n  , t he  RCA on arr ival  
a t  Earth was improved by an order  of  magnitude over t h a t  obtained using 
previous techniques . 
IBM 7094 computer t i m e  f o r  ob ta in ing  the  Venus t r a j e c t o r y  using t h i s  
The R mat r ix  and incre-  t a r g e t i n g  technique w a s  approximately 4.1 hours. 
ment values  were ca lcu la ted  by hand. This, however, reduced computation 
t i m e  by a f a c t o r  of  four  over t h a t  required f o r  previous techniques.  
Therefore,  the  t a rge t ing  method described i n  t h i s  r epor t  allows one t o  
ob ta in  a more d e s i r a b l e  t r a j e c t o r y  wi th  a considerable  reduct ion  i n  the  
amount of computer time. I 
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TABLE 1 
CmPARISON BETWEEN INTEGRATED AND CONIC CALCULATIONS 
Launch Date (J. D. )  
Earth-Venus Trip Time (days) 
Hyperbolic Excess Velocity 
Leaving Earth (EM0S)Jr  
Right Ascension of Incoming 
Asymptote a t  Venus (deg) 
Decl inat ion of Incoming 
Asymptote a t  Venus (deg) 
Hyperbolic Excess Velocity 
Approaching and Leaving Venus (EMOS) 
Right Ascension of Outgoing 
Asymptote a t  Venus (deg) 
Dec 1 i n a t  ion of Outgoing 
Asymptote a t  Venus (deg) 
Venus-Earth Trip Time (days) 
Hyper bo 1 i c  Exce s s Ve  loc  it y 
Arriving Earth (EMOS) 
CONIC 
~~~ 
2442570.0 
117.0 
.lo86 
180.140 
3.771 
0.1554 
91.448 
22.193 
249.4 
0 e 2546 
INTEGRATED 
2442570.5 
(Jun 7 ,  1975: 
116.0 
. lo91 
180.510 
4.287 
0.1554 
89.042 
24.056 
249.9 
0.2544 
NOTE: A l l  angles  l i s t e d  above are referenced t o  aphrodiocentr ic  
coordinate  system wi th  Xv-Yv plane p a r a l l e l  t o  the  e a r t h ' s  
equa to r i a l  plane 
*EMOS = Earth Mean Orb i t a l  Speed (29.7849 km/sec) 
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TABLE 2B 
Listing of R Matrix Elements 
1. First R Matrix 
E +92 18.57 -4871.73 
I < ff, I - 245.93 I + 992.90 I 
2. Second R Matrix 
I ?, I +9652.26 
I jSi E, I + 189.39 
- A  
B R Q  
-3213.41 
862.79 
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TABLE 3A 
THRUSTING TRAJECTORY FOR EARTH ESCAPE 
Def in i t ion  of tabulated t r a j e c t o r y  values  contained i n  the  th rus t ing  
t r a j e c t o r y  fo r  Earth escape. 
T e time from June 7 ,  1975 (6 hours, 49 minutes, 27.591 sec)  
Line 81 Geocentric Equatorial  
Vehicle Cartesian pos i t i on  components. (Coor- 
d ina te  system o r i g i n  a t  center  of e a r t h ,  X-axis r} i n  d i r e c t i o n  of e a r t h ' s  of da te  verna l  equinox, 
X-Y plane is  i n  the e a r t h ' s  equa to r i a l  plane)  
Ze (h) 
Vehicle Cartesian ve loc i ty  components measured 
i n  same coordinate system as above (km/sec) 
i e  
Line W2 Geocentric Equator ia l  
RE Radius  from center  of e a r t h  t o  vehic le  (km) 
LATE Geocentric l a t i t u d e  (deg) 
LONGE Geocentric longitude (deg) 
VE Earth-fixed speed of veh ic l e  (km/sec) 
PTE Earth-fixed path angle from the  hor izonta l  (deg) 
AZE Earth-fixed azimuth angle from north (deg) 
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TABLE 4A 
1975 VENUS .ZLYBY TRAJECTORY 
Geocentric 
Def in i t ion  of tabulated t r a j e c t o r y  values contained i n  the Earth 
Depart t r a j e c t o r y  and Earth Return t r a j ec to ry .  
T = time from i n j e c t i o n  from e a r t h  (days) 
Line #1 Geocentric Equator ia l  
Vehicle Cartesian pos i t i on  components. (Coordinate 
system o r i g i n  a t  center  of e a r t h ,  X-axis i n  d i r e c t i o n  
of e a r t h ' s  of-date vernal  equinox, X-Y plane of 
Ze  e a r t h ' s  equator) (km) 
Vehicle Cartesian ve loc i ty  components measured 
i n  same coordinate system as  above (km/sec) 
i e  
Line 12 Geocentric Equator ia l  
Re  Radius from cen e r  of e a r t h  3 spacecraf t  (km) 
LATe Geocentric Lat i tude (deg) 
LON& Geocentric Longitude (deg) 
Ve Earth-fixed speed of spacecraf t  (km/sec) 
PTe Earth-fixed path angle from the  hor izonta l  (deg) 
AZe Earth-fixed azimuth angle from north (deg) 
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Line #3 Hel iocent r ic  Ec l ip t ic*  
R s  Radius from center  of sun of spacecraf t  (km) 
LATs C e l e s t i a l  l a t i t u d e  of spacecraf t  (deg) 
LONGS C e l e s t i a l  longitude of spacecraf t  (deg) 
vs I n e r t i a l  speed of spacecraf t  (km/sec) 
PTs Path angle from the normal t o  the he l iocen t r i c  
rad ius  vector  (deg) 
A Z s  Azimuth angle from c e l e s t i a l  nor th  (deg) 
Hel iocent r ic  
Def in i t i on  of tabulated t r a j e c t o r y  values  contained i n  the he l io -  
c e n t r i c  Earth-Venus t r a n s f e r  t r a j e c t o r y  and h e l i o c e n t r i c  Venus-Earth 
t r a n s f e r  t r a j e c t o r y .  
T = time from i n j e c t i o n  from e a r t h  (days) 
Line #l Hel iocent r ic  E c l i p t i c  
Vehicle Cartesian pos i t i on  components. (Coordinate 
system o r i g i n  a t  center  of sun, X-axis i n  d i r e c t i o n  
of e a r t h ' s  of-date verna l  equinox, X-Y plane i n  the  
ZS e c l i p t i c )  (km) 
Cartesian ve loc i ty  components measured i n  same 
coordinate  system as above (km/sec) 
Line 82 (Same as Geocentric Line #2) 
Line 113 (Same as Geocentric Line #3) 
* (Origin of coordinate system a t  center  of sun, X-axis i n  d i r e c t i o n  of 
e a r t h ' s  of-date verna l  equinox, X-Y plane i n  e c l i p t i c  plane.)  
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Aphrodiocentric 
Def in i t ion  of tabulated t r a j e c t o r y  values  contained i n  the Venus 
passage t r a j e c t o r y .  
i T = time from i n j e c t i o n  from e a r t h  (days) 
~ 
Line #I Aphrodiocentric Earth Equator ia l  
Vehicle Car tes ian  pos i t i on  components. (Coordinate 
system o r i g i n  a t  center  of Venus, X-axis i n  the  
d i r e c t i o n  of e a r t h ' s  of-date  verna l  equinox, X-Y 
plane of e a r t h ' s  equator)  (km) 
:} 
zv 
Vehicle Car tes ian  ve loc i ty  components measured 
i n  same coordinate  system as above (km/sec) 
Line $2 
Line %3 
(Same as Geocentric Line 82)  
(Same as Geocentric Line #3) I 
Line #4 Aphrodiocentric E a r t h  Equatorial* 
Rv Radius from center  of Venus t o  spacecraf t  (km) 
DEW Decl inat ion (deg) 
RAV Right ascension (deg) 
vv Speed r e l a t i v e  to  Venus (km/sec) 
PTV Path angle from the  hor izonta l  (deg) 
AZu Azimuth angle as referenced t o  geocentr ic  equa to r i a l  
coordinate system (deg) 
I * Reference plane is  the e a r t h ' s  equator plane.  
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